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METHOD, STRUCTURE, AND DESIGN
STRUCTURE FOR A
THROUGH-SILICON-VIA WILKINSON
POWER DIVIDER

FIELD OF THE INVENTION

The invention generally relates to semiconductor devices
and, more particularly, to a method, structure, and design
structure for a through-silicon-via Wilkinson power divider.

BACKGROUND

Wilkinson power dividers (also referred to as Wilkinson
power splitters) are used extensively in phased array radar
applications, and also in other RF applications, to split power
from one line to two lines (or, alternatively, the combine
power from two lines to one line). Typically, a millimeter
wave (MMW) Wilkinson power divider (WPD) is imple-
mented in a horizontal manner in the metal layers in the
back-end-of-line (BEOL) processing of integrated circuit
chips. As a result of their horizontally extending structure,
WPDs take up a lot of space on the chip (e.g., have a large
footprint).

More specifically, a WPD commonly includes an input
wire that splits into two legs, a respective output at the end of
each leg opposite the split, and a resistor connected between
the two outputs. By definition, the legs of a WPD are of a
specified length (e.g., one-quarter wavelength, i.e., A/4) and
the resistor is of a specified resistance (e.g., 2Z0), which
results in the input and the two outputs all having a matched
characteristic impedance (Zo). Moreover, the resistor isolates
the two outputs from one another. In this way, a WPD
improves over simple “Tee” and “Y” junctions by providing
matching impedance at the input and output ports, and by
providing isolation between the two output ports.

However, since the legs of a WPD must be of a particular
length, there is a lower limit to the minimum footprint (e.g.,
the area when viewed in plan view) that can be achieved for
adequate divider performance at a given frequency in a con-
ventional metal-dielectric BEOL stack-up. That is to say, a
large amount of chip space is required for a WPD when the
legs of a WPD are implemented as horizontal traces in wiring
levels above the wafer. As such, the necessary minimum size
footprint of a conventionally oriented WPD negatively affects
the overall cost of a phased array system.

Accordingly, there exists a need in the art to overcome the
deficiencies and limitations described hereinabove.

SUMMARY

In a first aspect of the invention, there is a method of
forming a power divider, comprising: forming an input on a
first side of a substrate; forming a first leg comprising a first
through-silicon-via formed in the substrate, wherein the first
leg electrically connects the input and a first output; forming
a second leg comprising a second through-silicon-via formed
in the substrate, wherein the second leg electrically connects
the input and a second output, and forming a resistor electri-
cally connected between the first output and the second out-
put.

In another aspect of the invention, there is a semiconductor
structure, comprising: an input in a first layer on a substrate;
a first output and a second output in a second layer on the
substrate; a first leg comprising a first through-silicon via
extending through the substrate and electrically connected
between the input and the first output; a second leg compris-
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2

ing a second through-silicon via extending through the sub-
strate and electrically connected between the input and the
second output; and a resistor electrically connected between
the first output and the second output.

In another aspect of the invention, there is a design struc-
ture tangibly embodied in a machine readable medium for
designing, manufacturing, or testing an integrated circuit.
The design structure comprises: an input in a first layer on a
substrate; a first output and a second output in a second layer
on the substrate; a first leg comprising a first through-silicon
via extending through the substrate and electrically con-
nected between the input and the first output; a second leg
comprising a second through-silicon via extending through
the substrate and electrically connected between the input and
the second output; and a resistor electrically connected
between the first output and the second output.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The present invention is described in the detailed descrip-
tion which follows, in reference to the noted plurality of
drawings by way of non-limiting examples of exemplary
embodiments of the present invention.

FIG. 1 shows a generalized circuit diagram of a power
divider in accordance with aspects of the invention;

FIG. 2 diagrammatically shows power dividers in accor-
dance with aspects of the invention employed in a stacked-
chip configuration;

FIGS. 3-6 show views of portions of a power divider in
accordance with aspects of the invention;

FIG. 7 shows plots of data associated with simulations of
structures in accordance with aspects of the invention;

FIGS. 8-12 show diagrams of embodiments of power
dividers in accordance with aspects of the invention; and

FIG. 13 is a flow diagram of a design process used in
semiconductor design, manufacture, and/or test.

DETAILED DESCRIPTION

The invention generally relates to semiconductor devices
and, more particularly, to a method, structure, and design
structure for a through-silicon-via Wilkinson power divider.
In embodiments, a Wilkinson power divider (WPD) utilizes a
through-silicon-via (TSV) as a portion of the leg of the power
divider. In this manner, the requisite leg length of a WPD may
be achieved using a substantially vertical TSV in otherwise
unused space within the chip. By using a vertically oriented
TSV for the legs, instead of primarily using horizontally
oriented traces in wiring levels above the chip, implementa-
tions of the invention achieve a reduction in size of the foot-
print of the WPD. In this manner, the entire chip may be made
smaller. Implementations of the invention may be used in
MMW phased array systems to provide more efficient use of
the silicon in the phased array application. For example,
implementations of the invention may be used as Wilkinson
Power Dividers in stacked-chip phased-array radar designs.

FIG. 1 shows a generalized circuit diagram of a WPD 5 in
accordance with aspects of the invention. In embodiments,
the WPD 5 is implemented in a semiconductor substrate 10
having at least one wiring layer 15 on the back side (e.g.,
bottom) of the substrate 10 and at least one wiring layer 20 on
the front side (e.g., top) of the substrate 10. An input 25 (e.g.,
a signal line) at one side of the substrate splits at node 30 into
two legs 354, 356 of the power divider. In accordance with
aspects of the invention, the legs 35a, 355 are embodied as
through-silicon-vias (also known as through-substrate-vias,
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and through-wafer-vias) in the substrate 10. Each leg 35a,
35b is connected to a respective output 40a, 405 at a side of
the substrate 10 opposite the side of the input 25, and an
on-chip resistor 45 is connected between the outputs 40a,
40b. A length of each leg 354, 355 between the splitting node
30 and the resistor 45 is substantially equal to a quarter-
wavelength (e.g., A/4), and the resistor 45 has a resistance of
substantially 2Zo, e.g., twice the desired characteristic
impedance (Zo) of the input 25 and output 40qa, 405 signal
lines.

FIG. 2 diagrammatically shows WPDs in accordance with
aspects of the invention employed in a stacked-chip configu-
ration. More specifically, FIG. 2 shows a first substrate 10' and
a second substrate 10" connected in a stacked-chip configu-
ration, such as, for example, a stacked-chip phased-array
radar design. A first WPD 5' is arranged in the first substrate
10" and a second WPD 5" is arranged in the second substrate
10". In this manner, it can be seen that implementations of the
invention may be used to reduce the overall size of stacked
chip configurations.

FIGS. 3-5 show views of a TSV WPD 100 in accordance
with aspects of the invention. More specifically, FIGS. 3-5
show conductive elements that may be formed in a layered
semiconductor structure. However, for clarity, the substrate
and wiring levels are omitted from view in FIGS. 3-5. FIG. 3
shows a transmission line structure including through silicon
via signal lines, while FIGS. 4 and 5 show magnified views of
portions IV and V of FIG. 3, respectively. As described in
greater detail below with respect to FIG. 6, the structures
described herein may be formed using conventional semicon-
ductor fabrication techniques and may be composed of any
suitable materials.

As depicted in FIGS. 3-5, the WPD 100 includes a signal
line input 105, which may correspond to input 25 described
above. In embodiments, the input 105 comprises a portion of
a signal line (e.g., a wire trace of a microstrip transmission
line) that is formed in a layer (e.g., wiring level, metallization
layer, etc.) on the back side of a substrate. The WPD 100 also
includes first and second legs 110a, 1105 arranged between
the input 105 and first and second outputs 1154, 1155. In
accordance with aspects of the invention, the first and second
outputs 115a and 1155 are formed in a layer on the front side
of the substrate, and the first and second legs 1104 and 1105
comprise respective first and second signal TSVs 120a, 1205
that are formed in the substrate and that electrically connect
the input 105 and the outputs 1154, 1156. The WPD 100 also
includes a resistor 125 formed in a layer on the front side of
the substrate. In embodiments, the first and second legs 1104
and 1105 split from the input 105 at a location 130 in the same
layer as the input.

In embodiments, the input 105, legs 110a and 1105, out-
puts 1154 and 11554, resistor 125, and location 130 may cor-
respond, respectively, to the input 25, legs 35a and 355,
outputs 40a and 405, resistor 45, and node 30 described above
with respect to FIG. 1. In this manner, the WPD 100 com-
prises TSVs.

Still referring to FIGS. 3-5, in embodiments, the WPD 100
may further comprise ground plane structures. In this manner,
the WPD 100 may comprise a microstrip transmission line
and TSVs. For example, a first ground plane 150 may be
formed in another layer on the back side of the substrate, the
another layer being different from the layer in which the input
105 is formed. In embodiments, the first ground plane 150 is
formed between the input 105 and the substrate, and may be
sized relative to the input 105 and legs 110a, 1105 in accor-
dance with conventional microstrip transmission line tech-
niques.
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Additionally, a second ground plane 155 may be formed in
another layer on the front side of the substrate, the another
layer being different from the layers in which the outputs
115a, 11556 and resistor 125 are formed. In embodiments, the
second ground plane 155 is formed between the outputs 1154,
11556 and the substrate, and may be sized relative to the
outputs 1154, 1155 in accordance with conventional micros-
trip transmission line techniques.

As depicted in FIG. 3, the WPD 100 may further include
first and second ground TSVs 160a, 1605 formed through the
substrate, and connected between the first ground plane 150
and the second ground plane 155. For example, the first
ground plane 150 and the second ground plane 155 may
comprise take-off portions 165 formed in their respective
layers for providing an electrical connection to the first and
second ground TSVs 160qa, 1605. In embodiments, the first
and second ground TSVs 160a, 1605 may be sized relative to
the first and second signal TSVs 120a, 1205 in accordance
with conventional microstrip transmission line techniques.

FIG. 6 shows a cross-sectional view of layered semicon-
ductor structure comprising WPD 100 in accordance with
aspects of the invention. As depicted in FIG. 6, in embodi-
ments, the WPD 100 is at least partially formed in a semicon-
ductor substrate 200. The substrate 200 may be any conven-
tional silicon-based semiconductor substrate, including but
not limited to: Si, SiGe, SiC, SiGeC, and layered semicon-
ductors such as silicon-on-insulator (SOI), Si/SiGe, and
SiGe-on-insulator (SGOI).

In embodiments, the structure includes layers 205, 210,
and 215 formed on the back side of the substrate 200. The
structure may also include plural wiring levels (e.g., layers
300, 302, 304, 306, 308) and via layers (e.g., 310, 312, 314,
316, 318) formed on the front side of the substrate 200. The
layers (e.g., 205, 210, and 215), wiring levels (e.g., layers
300, 302, 304, 306, 308), and via layers (e.g., 310, 312, 314,
316, 318) may comprise any conventional metals, e.g., cop-
per, tungsten, aluminum, etc., and any conventional dielectric
material, such as, for example, silicon dioxide (Si0,), tetra-
ethylorthosilicate (TEOS), borophosphosilicate glass BPSG,
etc., and may be formed using conventional semiconductor
fabrication techniques, e.g., chemical vapor deposition
(CVD), etc.

In embodiments, the input 105 is formed as conductive
material arranged in layer 215, the outputs 1154, 11556 are
formed as conductive material arranged in layer 308, the
resistor 125 is formed as conductive material arranged in
layer 316, and the signal TSVs 120q, 1205 are formed as
conductive material arranged in the substrate 200. These fea-
tures, and all other features described herein, may be fabri-
cated using techniques including, but not limited to: photo-
lithographic masking and etching, chemical vapor deposition
(CVD), metal deposition, chemical mechanical polish
(CMP), etc., which are well known in the art such that further
explanation is not believed necessary for an understanding of
the invention.

In accordance with aspects of the invention, additional
conductive material may be formed in any desired layers in
order to connect the signal TSVs 120a, 1205 to the input 105
and to the respective outputs 1154, 11556. For example, the
first leg 110a may comprise an upper portion 225 comprising
conductive material formed in wiring levels (e.g., layers 300,
302, 304, and 306) and via layers (e.g., 310, 312, 314, 316,
and 318) to electrically connect the first signal TSV 1204 to
the first output 1154. Similarly, the first leg 110a may com-
prise a lower portion 230 comprising conductive material
formed in layers 205, 210, and 215 to electrically connect the
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first signal TSV 120a to the input 105. Similar structures may
be formed for the second leg 1105.

Still referring to FIG. 6, in embodiments, the first ground
plane 150 is formed as conductive material arranged in layer
205, the second ground plane 155 is formed as conductive
material arranged in layer 302, and the first and second
ground TSVs 160a, 1605 are formed as conductive material
in the substrate 200. Similar to portions 225 and 230, exten-
sions 235 may be formed as conductive material in layers 310,
300, and 312 to connect the first and second ground TSVs
160a, 1605 to the second ground plane 155.

Although FIG. 6 shows the various features of the WPD
100 formed in specific layers, it is noted that the invention is
not limited to the specific configuration depicted in FIG. 6.
Rather, wafers with any desired numbers of layers may be
used within the scope of the invention and/or the various
features of the WPD 100 may be formed in any suitable
layers.

According to aspects of the invention, the conductive fea-
tures of the WPD 100 depicted in FIGS. 3-6 may be composed
of any desired conductive material, including but not limited
to, copper, aluminum, tungsten, alloys, doped semiconductor
material, etc. However, the invention is not limited to any
particular materials, and the conductive features may be com-
posed of any combination of conventional conductive mate-
rial(s).

In implementations of the invention, the features of the
WPD 100 may be formed having any suitable dimensions.
Particularly, these features may be sized and shaped to
achieve a desired characteristic impedance (e.g., 50 Ohm) for
the input 105 and the first and second outputs 115q and 1155.
Additionally or alternatively, these features may be sized and
shaped to achieve desired center operating frequency (e.g., 60
GHz) for the WPD 100.

By way of non-limiting example, the input 105 may have a
thickness (e.g., height) of about 4 um and a width of about 10
pm to about 15 um. Also, the first and second outputs 1154
and 1156 may have a height of about 4 um and a width of
about 13 pm to about 17 um. In embodiments, the first ground
plane 150 may have a height of about 4 um, and a bottom
surface of the first ground plane may be about 10 um away
from a top surface of the input 105. Also, the second ground
plane 155 may have a height of about 0.32 um, with a top
surface of the second ground plane 155 being about 11 um
away from a bottom surface of the first and second outputs
115a and 1155. The length and width of the first and second
ground planes 150, 155 are not critical to the invention, and,
as such, any suitable length and width that serves to
adequately cover the associated signal lines, in accordance
with conventional microstrip transmission line techniques,
may be used within the scope of the invention. Moreover, the
invention is not limited to the particular dimensions described
herein, and any suitable dimensions may be used, depending
for example on the desired characteristic impedance and cen-
ter operating frequency.

Additionally, the first and second signal TSVs 120a and
1205 may have a width of about 3 um and a length of about 13
um to about 17 um. Additionally, the first and second ground
TSVs160a,1605 may have a width of about 3 pm and a length
of'about 45 um. The first and second signal TSVs 120a, 1205
and the first and second ground TSVs 160a, 1605 all have a
height substantially equal to the thickness (e.g., height) of the
substrate in which they are formed. As a non-limiting
example, this height may be about 300 um. However, the
invention is not limited to these dimensions, and any suitable
dimensions may be used, for example, to obtain a desired
characteristic impedance and center operating frequency.
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Moreover, as described in greater detail below, the height of
the substrate, and therefore of the TSVs, may be selectively
adjusted (e.g., by grinding, thinning, etc.) in order to tune the
center operating frequency of the WPD 100.

Still referring to FIG. 6, one or more insulator-filled TSVs
250 may be used within the scope ofthe invention. In embodi-
ments, the one or more insulator-filled TSVs 250 comprise
TSVs formed in the substrate 200 and filled with an insulator
material instead of a conductive material. In accordance with
aspects of the invention, the one or more insulator-filled TSVs
250 are arranged between the first and second signal TSVs
120a, 1205 and the first and second ground TSVs 160a, 1605
to selectively adjust the operating characteristics of the WPD
100. For example, the one or more insulator-filled TSVs 250
may be filled with silicon dioxide (SiO,), which has a differ-
ent (e.g., lower) dielectric constant than the material of the
substrate 200. As such, when such an insulator filled TSV is
arranged between a signal TSV and a ground TSV, the loss
characteristics of the signal line may be improved.

In embodiments, the one or more insulator-filled TSVs 250
have substantially the same dimensions as the first and second
ground TSVs 160a, 1605; however, any size may be used
within the scope of the invention. Moreover, any number of
insulator-filled TSVs 250 may be arranged between the
respective signal and ground TSV in accordance with aspects
of the invention.

FIG. 7 shows plots of data associated with simulations of
structures in accordance with aspects of the invention. Par-
ticularly, FIG. 7 shows various data of a simulated transmis-
sion line structure similar to the WPD 100 described above,
wherein the simulated transmission line structure is config-
ured as having a characteristic impedance of about 50 Ohm
and a center operating frequency of about 60 GHz. In FIG. 7,
a label “1” represents the input, a label “2” represents a first
output, and a label “3” represents a second output. For
example, the curve “S23” represents the isolation loss
between the first and second outputs, while curve “S21” rep-
resents the insertion loss between the input and the first out-
put, etc.

More specifically, curves “S21” and “S31” show the inser-
tion loss between the input and respective outputs of the
transmission line structure. As can be seen from FIG. 7, at the
operating frequency (e.g., about 60 GHz), the insertion loss is
about 3.8 dB, which is very close to the ideal value 0f 3.0 dB
for an ideal WPD. It is noted that the insertion loss of about
0.8 dB is for a simulated transmission line structure having
signal TSVs filled with tungsten, and that the use of copper
instead of tungsten would improve this insertion loss even
more.

Curve “S23” which shows the isolation loss between the
first and second outputs, demonstrates that the simulated
transmission line structure performs as a WPD. For example,
both the return loss and the isolation are better than 15 dB, and
the simulated transmission line structure exhibits perfect
phase balance and amplitude balance.

Moreover, the simulated transmission line structure asso-
ciated with FIG. 7, which corresponds to the WPD 100
described with respect to FIGS. 3-6, has a footprint (e.g., area
in plan view) of about 145 pm in width and about 95 um in
length. This relatively small footprint results from the legs of
the WPD of the being formed as TSVs, e.g., substantially
vertically through the substrate instead of horizontally in
wiring level above the substrate. Accordingly, the footprint
for the transmission line structure formed in accordance with
aspects of the invention is smaller than that which can be
achieved using conventional horizontally-oriented WPDs.
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In accordance with further aspects of the invention, the
center operating frequency of a transmission line structure
having a TSV WPD in accordance with aspects of the inven-
tion may be selectively adjusted by way of the thickness of the
substrate and the size and number of insulator-filled TSVs
used. For example, in embodiments, the thickness of the
substrate is adjusted (e.g., by milling, grinding, thinning, etc.)
so that legs of the WPD, including the signal TSVs, have a
length of A/4 for a predetermined center operating frequency.
In this manner, implementations of the transmission line
structure having a TSV WPD in accordance with aspects of
the invention may be tuned to a pre-determined center oper-
ating frequency and characteristic impedance.

FIGS. 8-12 show schematic diagrams of embodiments of
power dividers in accordance with aspects of the invention.
For example, FIG. 8 shows a diagram of a transmission line
which corresponds to the WPD 100 described with respect to
FIGS. 3-6. Particularly, FIG. 8 diagrammatically shows the
input 105, outputs 115a, 1155, signal TSVs 120a, 1205, resis-
tor 125, and ground TSVs 160a, 1605 at the respective front
and back side of the chip (e.g., substrate).

FIG. 9 shows an embodiment having an input 105, outputs
115a, 11554, signal TSVs 120a, 1205, and resistor 125.
Instead of first and second ground TSVs 160a, 1605, the
embodiment in FIG. 9 shows a single ground TSV 160
arranged between the signal TSVs 120a, 1205. This embodi-
ment can be used to make the device smaller.

FIG. 10 shows an embodiment having an input 105, out-
puts 1154, 1155, signal TSVs 120a, 1205, resistor 125, and
ground TSVs 160a, 1605. The embodiment of FIG. 10 also
has an additional grounds TSVs 160a' and 1604' arranged in
a stripline configuration around the signal TSVs 120a, 1205.

FIG. 11 shows an embodiment having an input 105, out-
puts 1154, 1155, signal TSVs 1204, 1205, resistor 125. In this
configuration, three ground TSVs 160, 160', and 160" are
arranged around the signal TSVs 120q, 1205 in a stripline
configuration.

FIG. 12 shows an embodiment in which the input 105 and
the outputs 115a¢ and 1155 are arranged on the same side of
the chip (e.g., substrate). In this embodiment, each leg of the
WPD comprises two signal TSVs. For example, the first leg of
the WPD comprises signal TSVs 120a and 120a', and the
second leg of the WPD comprises signal TSVs 1205 and
1204'. Electrical connection 122a is provided on the back side
of the chip to electrically connect the signal TSVs 120a and
120a' of the first leg. Also, electrical connection 1225 is
provided on the back side of the chip to electrically connect
the signal TSVs 1205 and 1205' of the second leg. In this
manner, the length of each leg of the WPD can be effectively
doubled. The embodiment depicted in FIG. 12 also includes
appropriate ground TSVs 160, 160, 160", 160", and 160"".

FIG. 13 shows a block diagram of an exemplary design
flow 900 used for example, in semiconductor IC logic design,
simulation, test, layout, and manufacture. Design flow 900
includes processes and mechanisms for processing design
structures or devices to generate logically or otherwise func-
tionally equivalent representations of the design structures
and/or devices described above and shown in FIGS. 1-6 and
8-12. The design structures processed and/or generated by
design flow 900 may be encoded on machine-readable trans-
mission or storage media to include data and/or instructions
that when executed or otherwise processed on a data process-
ing system generate a logically, structurally, mechanically, or
otherwise functionally equivalent representation of hardware
components, circuits, devices, or systems. Design flow 900
may vary depending on the type of representation being
designed. For example, a design flow 900 for building an
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application specific IC (ASIC) may differ from a design flow
900 for designing a standard component or from a design flow
900 for instantiating the design into a programmable array,
for example a programmable gate array (PGA) or a field
programmable gate array (FPGA) offered by Altera® Inc. or
Xilinx® Inc.

FIG. 13 illustrates multiple such design structures includ-
ing an input design structure 920 that is preferably processed
by a design process 910. Design structure 920 may be a
logical simulation design structure generated and processed
by design process 910 to produce a logically equivalent func-
tional representation of a hardware device. Design structure
920 may also or alternatively comprise data and/or program
instructions that when processed by design process 910, gen-
erate a functional representation of the physical structure of a
hardware device. Whether representing functional and/or
structural design features, design structure 920 may be gen-
erated using electronic computer-aided design (ECAD) such
as implemented by a core developer/designer. When encoded
on a machine-readable data transmission, gate array, or stor-
age medium, design structure 920 may be accessed and pro-
cessed by one or more hardware and/or software modules
within design process 910 to simulate or otherwise function-
ally represent an electronic component, circuit, electronic or
logic module, apparatus, device, or system such as those
shown in FIGS. 1-6 and 8-12. As such, design structure 920
may comprise files or other data structures including human
and/or machine-readable source code, compiled structures,
and computer-executable code structures that when pro-
cessed by a design or simulation data processing system,
functionally simulate or otherwise represent circuits or other
levels of hardware logic design. Such data structures may
include hardware-description language (HDL) design enti-
ties or other data structures conforming to and/or compatible
with lower-level HDL design languages such as Verilog and
VHDL, and/or higher level design languages such as C or
C++.

Design process 910 preferably employs and incorporates
hardware and/or software modules for synthesizing, translat-
ing, or otherwise processing a design/simulation functional
equivalent of the components, circuits, devices, or logic struc-
tures shown in FIGS. 1-6 and 8-12 to generate a netlist 980
which may contain design structures such as design structure
920. Netlist 980 may comprise, for example, compiled or
otherwise processed data structures representing a list of
wires, discrete components, logic gates, control circuits, I/O
devices, models, etc. that describes the connections to other
elements and circuits in an integrated circuit design. Netlist
980 may be synthesized using an iterative process in which
netlist 980 is resynthesized one or more times depending on
design specifications and parameters for the device. As with
other design structure types described herein, netlist 980 may
be recorded on a machine-readable data storage medium or
programmed into a programmable gate array. The medium
may be a non-volatile storage medium such as a magnetic or
optical disk drive, a programmable gate array, a compact
flash, or other flash memory. Additionally, or in the alterna-
tive, the medium may be a system or cache memory, buffer
space, or electrically or optically conductive devices and
materials on which data packets may be transmitted and inter-
mediately stored via the Internet, or other networking suitable
means.

Design process 910 may include hardware and software
modules for processing a variety of input data structure types
including netlist 980. Such data structure types may reside,
for example, within library elements 930 and include a set of
commonly used elements, circuits, and devices, including
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models, layouts, and symbolic representations, for a given
manufacturing technology (e.g., different technology nodes,
32 nm, 45 nm, 90 nm, etc.). The data structure types may
further include design specifications 940, characterization
data 950, verification data 960, design rules 970, and test data
files 985 which may include input test patterns, output test
results, and other testing information. Design process 910
may further include, for example, standard mechanical
design processes such as stress analysis, thermal analysis,
mechanical event simulation, process simulation for opera-
tions such as casting, molding, and die press forming, etc.
One of ordinary skill in the art of mechanical design can
appreciate the extent of possible mechanical design tools and
applications used in design process 910 without deviating
from the scope and spirit of the invention. Design process 910
may also include modules for performing standard circuit
design processes such as timing analysis, verification, design
rule checking, place and route operations, etc.

Design process 910 employs and incorporates logic and
physical design tools such as HDL compilers and simulation
model build tools to process design structure 920 together
with some or all of the depicted supporting data structures
along with any additional mechanical design or data (if appli-
cable), to generate a second design structure 990. Design
structure 990 resides on a storage medium or programmable
gate array in a data format used for the exchange of data of
mechanical devices and structures (e.g. information stored in
a IGES, DXF, Parasolid XT, JT, DRG, or any other suitable
format for storing or rendering such mechanical design struc-
tures). Similar to design structure 920, design structure 990
preferably comprises one or more files, data structures, or
other computer-encoded data or instructions that reside on
transmission or data storage media and that when processed
by an ECAD system generate a logically or otherwise func-
tionally equivalent form of one or more of the embodiments
of the invention shown in FIGS. 1-6 and 8-12. In one embodi-
ment, design structure 990 may comprise a compiled, execut-
able HDL simulation model that functionally simulates the
devices shown in FIGS. 1-6 and 8-12.

Design structure 990 may also employ a data format used
for the exchange of layout data of integrated circuits and/or
symbolic data format (e.g. information stored in a GDSII
(GDS2), GL1, OASIS, map files, or any other suitable format
for storing such design data structures). Design structure 990
may comprise information such as, for example, symbolic
data, map files, test data files, design content files, manufac-
turing data, layout parameters, wires, levels of metal, vias,
shapes, data for routing through the manufacturing line, and
any other data required by a manufacturer or other designer/
developer to produce a device or structure as described above
and shown in FIGS. 1-6 and 8-12. Design structure 990 may
then proceed to a stage 995 where, for example, design struc-
ture 990: proceeds to tape-out, is released to manufacturing, is
released to a mask house, is sent to another design house, is
sent back to the customer, etc.

The method as described above is used in the fabrication of
integrated circuit chips. The resulting integrated circuit chips
can be distributed by the fabricator in raw wafer form (that is,
as a single wafer that has multiple unpackaged chips), as a
bare die, or in a packaged form. In the latter case the chip is
mounted in a single chip package (such as a plastic carrier,
with leads that are affixed to a motherboard or other higher
level carrier) or in a multichip package (such as a ceramic
carrier that has either or both surface interconnections or
buried interconnections). In any case the chip is then inte-
grated with other chips, discrete circuit elements, and/or other
signal processing devices as part of either (a) an intermediate
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product, such as a motherboard, or (b) an end product. The
end product can be any product that includes integrated cir-
cuit chips, ranging from toys and other low-end applications
to advanced computer products having a display, a keyboard
or other input device, and a central processor.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below, where applicable, are intended to include any struc-
ture, material, or act for performing the function in combina-
tion with other claimed elements as specifically claimed. The
description of the present invention has been presented for
purposes of illustration and description, but is not intended to
be exhaustive or limited to the invention in the form disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the inven-
tion and the practical application, and to enable others of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particularuse contemplated. Accordingly, while the invention
has been described in terms of embodiments, those of skill in
the art will recognize that the invention can be practiced with
modifications and in the spirit and scope of the appended
claims.

What is claimed:

1. A hardware description language (HDL) design struc-
ture tangibly embodied in a machine readable non-transitory
storage medium for manufacturing an integrated circuit, the
design structure comprising elements that, when processed
on a data processing system, generate a functional represen-
tation of a physical structure of the integrated circuit, the
design structure comprising:

an input in a first layer on a substrate;

a first output and a second output in a second layer on the
substrate;

a first leg comprising a first through-silicon via extending
through the substrate and electrically connected
between the input and the first output;

a second leg comprising a second through-silicon via
extending through the substrate and electrically con-
nected between the input and the second output; and

a resistor electrically connected between the first output
and the second output,

wherein the design structure resides in a programmable
gate array.

2. The design structure of claim 1, wherein the design

structure comprises a netlist.

3. The design structure of claim 1, wherein the design
structure resides on the storage medium as a data format used
for the exchange of layout data of integrated circuits.

4. The design structure of claim 1, wherein

the first layer is on a first side of the substrate, and

the second layer is on a second side of the substrate differ-
ent from the first side.
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5. The design structure of claim 4, further comprising at
least one ground through-silicon via extending through the
substrate between the first through-silicon via and the second
through-silicon via.

6. The design structure of claim 5, further comprising at
least one insulator-filled through-silicon-via in the substrate
between the at least one ground through-silicon-via and at
least one of the first through-silicon-via and the second
through-silicon-via.

7. The design structure of claim 1, wherein the input, the
first leg, the second leg, the resistor, the first output, and the
second output collectively constitute a Wilkinson power
divider.

8. A hardware description language (HDL) design struc-
ture comprising instructions tangibly embodied in a machine
readable non-transitory storage medium for manufacturing
an integrated circuit, the instructions when executed on a data
processing system generate a functional representation of a
physical structure of the integrated circuit, the design struc-
ture comprising:

an input on a first side of a substrate;

a first leg comprising a first through-silicon-via in the sub-
strate, wherein the first leg electrically connects the
input and a first output;

a second leg comprising a second through-silicon-via in
the substrate, wherein the second leg electrically con-
nects the input and a second output; and

a resistor electrically connected between the first output
and the second output,

wherein the first leg and the second leg are split from the
input at a common node, which is connected to the input,
and

wherein the design structure resides in a programmable
gate array.

9. The design structure of claim 8, wherein:

the first through-silicon-via and the second through-sili-
con-via extend substantially vertically through the sub-
strate, and
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the first leg, the second leg, and the resistor comprise a
predetermined characteristic impedance at the input, the
first output, and the second output.

10. The design structure of claim 8, further comprising the
first output and the second output are in another layer of
dielectric material on a second side of the substrate opposite
the first side of the substrate.

11. The design structure of claim 7, wherein the first leg and
the second leg of the Wilkinson power divider use a substan-
tially vertical through-silicon-via.

12. A semiconductor device manufactured using the design
structure of claim 1, comprising:

an input in a first layer on a substrate;

a first output and a second output in a second layer on the
substrate;

a first leg comprising a first through-silicon via extending
through the substrate and electrically connected
between the input and the first output;

a second leg comprising a second through-silicon via
extending through the substrate and electrically con-
nected between the input and the second output; and

a resistor electrically connected between the first output
and the second output.

13. A semiconductor device manufactured using the design

structure of claim 8, comprising:

an input on a first side of a substrate;

a first leg comprising a first through-silicon-via in the sub-
strate, wherein the first leg electrically connects the
input and a first output;

a second leg comprising a second through-silicon-via in
the substrate, wherein the second leg electrically con-
nects the input and a second output; and

a resistor electrically connected between the first output
and the second output,

wherein the first leg and the second leg are split from the
input at acommon node, which is connected to the input.
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